Professor of Dental Surgery, University ofBristol THE condition of amelogenesis imperfecta had been described under many different names before Weinmann, Svoboda and Woods first introduced this title in 1945. One of the earliest descriptions is that of Spokes who, in 1890, described to the Odontological Society of Great Britain a case of "brown teeth" with a familial history. In 1907 Turner described some cases of hereditary hypoplasia of the teeth in five generations of the same family, but apart from this, little interest was shown in the condition until after 1930. Even to-day the total number of contributions on this subject is small and most of them are reports of one or two cases. The first notable contribution on the subject is a paper by Finn (1938) in which he distinguishes between brown hypoplasia of the enamel and hereditary opalescent dentine. He comments that in brown hypoplasia of the enamel there are no faults in the dentine, a finding which still seems to be generally acceptable. After this, the most important contribution was made by Weinmann, Svoboda and Woods (1945). They described two types of hereditary abnormalities of the enamel, the hypoplastic and the hypocalcified and used the findings in the latter as an important argument in support of the theory of enamel maturation propounded by Diamond and Weinmann (1940).
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Professor of Dental Surgery, University ofBristol THE condition of amelogenesis imperfecta had been described under many different names before Weinmann, Svoboda and Woods first introduced this title in 1945. One of the earliest descriptions is that of Spokes who, in 1890, described to the Odontological Society of Great Britain a case of "brown teeth" with a familial history. In 1907 Turner described some cases of hereditary hypoplasia of the teeth in five generations of the same family, but apart from this, little interest was shown in the condition until after 1930. Even to-day the total number of contributions on this subject is small and most of them are reports of one or two cases. The first notable contribution on the subject is a paper by Finn (1938) in which he distinguishes between brown hypoplasia of the enamel and hereditary opalescent dentine. He comments that in brown hypoplasia of the enamel there are no faults in the dentine, a finding which still seems to be generally acceptable. After this, the most important contribution was made by Weinmann, Svoboda and Woods (1945) . They described two types of hereditary abnormalities of the enamel, the hypoplastic and the hypocalcified and used the findings in the latter as an important argument in support of the theory of enamel maturation propounded by Diamond and Weinmann (1940) .
No satisfactory definition of amelogenesis imperfecta has been found in the literature. While the great majority of recorded cases are hereditary, Wittner (1945) , Soifer (1953) and Weyman (1955) , have recorded idiopathic cases. From the literature it seems clear that the term implies a generalized fault of enamel structure affecting all the teeth of one or both dentitions. The faults do not seem to be related to any specific period of time during enamel development, nor to any intercurrent disease or dietary abnormality. It may be hereditary or may occur spontaneously in one or more members of a family.
Of the 21 cases to be discussed, 18 were seen clinically at the Bristol Dental Hospital, one was a case from Mr. R. R. Stephens, who kindly provided a colour photograph and a specimen, one was a case published by Miss J. Weyman (1955) , who kindly provided a specimen, and another was published by Professor M. A. Rushton (1950) , who kindly loaned the sections for examination. Of the 21 cases, 9 are clearly heireditary and are derived from six families. In one family the condition can be traced through seven generations. Of the remaining 12 cases, 2 are probably hereditary, 6 appear to be idiopathic and in 4 cases no family history was available. In 9 cases where the deciduous teeth were seen they were affected. The permanent teeth were seen to be affected in twenty cases, and in 8 cases where both dentitions were seen, both were affected. This report is concerned chiefly with clinical findings and the results of soft X-rays of ground sections of the teeth. It is hoped to extend the study to include other investigations later. Radiographic examinations of the skeleton and chemical investigations of the blood were made in 4 cases, but nothing abnormal was found, and as this agreed with the findings in the literature, no further investigations of this kind were undertaken. The cases were classified first on the basis of clinical examination and intra-oral radiography into hypoplastic and non-hypoplastic types. The degree and site of staining and chipping were also recorded. Representative teeth which had been obtained as specimens, including erupted, unerupted deciduous and permanent teeth where possible, were then sectioned bucco-lingually and ground down to a thickness of approximately 0-005 in. These sections were then X-rayed by the technique described by Darling and Crabb (1956) . The cases were then reclassified according to the distribution of the hypocalcification demonstrated.
In general the two classifications seem to correspond very well in that the same faults in structure were found in all the cases in each clinical group, with few reservations.
The hypoplastic cases fell naturally into three groups: Those with generalized pitting of the enamel-group 1, 3 cases from three families ( Fig. lA) . Those with vertical grooving combined with wrinkling of the enamel surface-group 2, 3 cases from two families ( Fig. 2A ).
Those with a marked deficiency in the thickness of the enamel-group 3, 4 cases from three families (Fig. 3A ). This last type was associated with discoloration and chipping of the enamel, and radiographs showed resorption of unerupted teeth in 2 cases. The grouping seems to correspond with the types of cases found in the literature. Weyman (1955) described a case of pitting, Spokes (1890) a case of vertical grooving, while Weinmann, Svoboda and Woods (1945) and Rushton (1950) have described cases with reduced thickness of the enamel. The remaining cases were presumed to be of the hypocalcified variety and these were divided first on the basis of the distribution of chipping and staining. It was found that in most of the cases the whole of the enamel of each tooth was affected but in 3 cases the lesions were localized to one area of the enamel, occurring in each tooth at the same site ( Fig. 6A ). These were placed together in group 5. The other cases were classified on the basis of the degree of staining and chipping found and on the texture of the enamel. Staining varied from yellow to a very dark brown and in each case the staining was accompanied by opacity of the enamel. The texture of the enamel was arbitrarily described as hard, chalky or cheesy, while the chipping was described as moderate or gross. None of these is a very reliable index in itself but it was found that two fairly clear groups existed. The first group (group 4A) consisted of 3 cases from three families in which there was little chipping of the enamel, which was chalky, or not as hard as normal. There was only moderate staining which varied between yellow and light brown (Fig. 4A ). The second group (group 4B) consisted of 5 cases from four families, in which the enamel was very badly stained and chipped, often seeming to be almost absent except at the cervical margins where usually a shoulder of enamel remained (Fig. 5A ). In these cases the enamel was soft or cheesy on recently erupted teeth, but even on badly chipped teeth a thin layer of hard enamel was usually found adhering to the dentine. In one case which conformed in all other respects there were some transverse grooves on the labial surfaces of the maxillary central incisors, suggesting hypoplasia. It was not seen on other teeth, and in view of the other findings it was ignored for purposes of classification.
In general, clinical radiographs supported the clinical findings and there was a reduced radiopacity of the enamel in the cases of presumed hypocalcification.
Specimens were obtained from 15 of the 21 cases, including those loaned. The specimens came from 2 cases in group 1, 2 cases in group 2, 4 cases in group 3, 2 cases in group 4A, 4 cases in group 4B and 1 case in group 5. Wherever possible the specimens from a case were divided into two groups. One group was sectioned and radiographed while the other group was retained for further study. The findings from unerupted teeth were viewed with caution, but it was found that in all cases where they were used they confirmed the faults found in erupted teeth.
The soft X-rays of the sections were examined macroscopically and microscopically. All the faults described were visible to the naked eye. No quantitative estimates of the degree of hypocalcification have yet been made so that although it is thought that in nearly all the cases of groups 3 and 4 the enamel appears to be generally hypocalcified, this has not in fact been established.
In three erupted teeth from 2 cases from two families in group 1 no evidence of hypocalcification was found (Fig. 1B) . In two teeth from one case in group 2 it was found that there was a zone of markedly hypocalcified enamel extending outward from the amelodentinal junction for about one-third of the thickness of the enamel (Fig. 2B ). The outer margin of this zone ran roughly parallel to the enamel surface. Two teeth from one other case in this group showed a similar but broader zone of hypocalcification, possibly related to the strik of Retzius at one point.
In twelve teeth from 4 cases in two families in group 3, the enamel was much thinner than normal and showed a zone of hypocalcification lying midway between the amelodentinal junction and the enamel surface (Fig. 3B ). It varied in width and degree of hypocalcification and is probably best described as involving the middle zone of the width of the enamel. In one tooth from Professor Rushton's case which was assigned to this group on clinical evidence, the enamel was very thin, but no zone of hypocalcification within the enamel has yet been demonstrated. This may be due to technical difficulties.
In eight teeth from 2 cases from two families in group 4A, marked hypocalcification was found involving the whole of the enamel except for narrow zones at the surface and at the amelodentinal junction (Fig. 4B ). These narrow zones were comparatively well calcified.
In group 4B 22 teeth from 4 cases from three families were examined. The erupted teeth in this group all showed gross loss of enamel, but invariably the dentine was covered by thin remnants of enamel while a shoulder of enamel of full thickness was often found cervically. In these areas and in more recently erupted teeth where more enamel remained, faults were found similar to those in group 4A, but the zones of well-calcified enamel appeared to be much thinner at the enamel surface and rather broader at the amelodentinal junction Section of Odontology ( Fig. 5B) . These findings were borne out by the findings in unerupted teeth from 2 of these cases, though it is unlikely that calcification had been fully completed in either. In group 5, eight teeth from one case were examined. The localized zones of chipping in the erupted teeth were surrounded by marginal areas of hypocalcification but the most interesting results were obtained from examination of the unerupted teeth. The patient was 16 years of age and it is presumed that the unerupted teeth had completed their calcification. They showed the enamel intact with localized areas of gross hypocalcification corresponding exactly to the deficiencies in the erupted teeth, but at the enamel surface was a very narrow zone of well-calcified enamel, and the hypocalcification did not reach the amelodentinal junction (Fig. 6B ). In this case the clinical fault and the hypocalcification both occupied the incisal third of the enamel of the buccal surface of each tooth. In some of the posterior teeth, both erupted and unerupted, a similar zone of hypocalcification was found in a corresponding site in the lingual enamel (Fig. 6c ). This latter zone was less hypocalcified than the buccal fault and it seems that such zones may be found in similar positions in other teeth with more careful radiography.
Five groups of amelogenesis imperfecta are; therefore apparent, of which one group includes 2 subgroups which seem to be related. The cases in group 1 show hypoplasia with pitting of the enamel, which is hard and normal in texture. There is no staining and no hypocalcification (Fig. 1) .
In group 2 there is hypoplasia with wrinkling and grooving of the enamel surface. The enamel is hard but shows, in the available specimens, a zone of marked hypocalcification next to the amelodentinal junction. This zone is parallel to the enamel surface (Fig. 2) .
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Group 3 shows a marked thinning of the enamel, which is chalky in texture and stained a yellowish-brown. It is probably generally hypocalcified and chips fairly easily-AVailable specimens show a zone of hypocalcification of varied width which does not 'involve either the enamel surface or the enamel at the amelodentinal junction (Fig. 3) . In one case included in this group no hypocalcification has yet been demonstrated. Group 4A shows no hypoplasia. The teeth are stained yellow to light brown and the enamel has a slightly-chalky texture. Chippingiteids to:oceur only around fillings. The enamel of the available specimens shows hypocalcification throughout almost the entire thickness but zones of well-calcified enamel remain at the amelodentinal junction and at the enamel surface (Fig. 4) . The zone at the surface tends to be very well calcified and definitely thicker' than in group 4B.
In group 4B the teeth show no evidence of hypoplasia except in one case p,re,viously mentioned. The enamel seems to break down very rapidly after eruption and whene-Xamined soon after eruption it is cheesy in consistency. All the teeth are heavily stained but on those which have been erupted for some time a thin hard layer remains over the, dentine. The teeth showed gross-hypocalcification of a large part of-the enamel leaving only a very narrow linear zone of well-calcified enamel at the surface, and a broader zone at the amelodentinal junction (Fig. 5) . The zone of hypocalcification seemed to be nearer the surface 'than in group 4A.
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In group 5 the teeth show no evidence of hypoplasia. In general the enamel is hard and there is little or no staining or chipping except in localized-areas. These areas were found in the middle or incisal third of the buccal surface of each tooth.' In the cases examined, the faults varied from staining alone in one case, to gross localized chipping of all erupted teeth in the other two cases. In the unerupted'teeth available from the latter type of,case, the'enamel was grossly hypocalcified for almost the whole thickness of the enamel in t-he same site as that in which chipping occurred.'' The hypocalcifled zone left a narrow zone of well-calcified enamel 'next' to the amelodentinal junction -and a very narrow linear zone of well-calcified enamel at the surface (Fig. 6) . Hereditary cases occurred in all groups except group 1, and idiopathic cases in groups 1, 4A, 4B, and 5. No evidence of sex linkage has been detected.
There does not appear to be any clearly-defined division of the cases observed into hypoplastic and hypocalcified groups. As described, cases were observed with hypoplasia alone, with hypocalcification alone, and with both hypoplasia and hypocalcification present in the same patient.
The dentine has not yet been fully investigated, but so far no serious disturbance of dentine structure has been noted.
Staining and chipping seem to be closely associated with the degree of hypocalcification and in particular with the proximity of the hypocalcified enamel to the surface. These features were always worst when there was only a very narrow zone ofwell-calcified enamel at the surface, as in group 4B. Presumably this was easily lost by abrasion exposing the hypocalcified enamel beneath. Where the surface zone was thicker there was less staining and although the enamel tended to be chalky it chipped mainly around fillings. Here, presumably, the surface zone was sufficient to withstand abrasion. In general there appeared to be a marked tendency, in hypocalcified teeth, for zones of well-calcified enamel to be left both at the amelodentinal junction and at the enamel surface. The zones of hypocalcification, except in group 5, always ran roughly parallel to the amelodentinal junction and the enamel surface. They were quite unrelated to the striae of Retzius except perhaps in one tooth from a case in group 2. The histological examination of the enamel has not yet been completed and it is therefore impossible to discuss prism alignment and organic structures. For this reason no explanation of the hypoplasias can be offered at present. Diamond and Weinmann (1940) and Weinmann, Svoboda and Woods (1945) described cases which correspond very closely in their clinical description to those described in group 4B. They explain these cases by their theory of maturation of the enamel and use them as a strong support for their theory. In this they describe two stages of calcification. The first, occurring soon after matrix formation, produces calcification up to approximately one-third of the final calcium content. The second, which they call maturation, begins, so they say, at the incisal or cuspal margin and passes downwards through the enamel in a horizontal plane. On this basis they suggest that in their cases of the hypocalcified variety of amelogenesis imperfecta, maturation has failed. If this were so one would expect the whole of the enamel to show an even degree of primary calcification, or perhaps in some cases a horizontal line of junction between mature and immature calcification. In the present series of 21 cases of six different types of amelogenesis imperfecta no such cases have been found. In all cases except group 5, the hypocalcified faults run roughly parallel to the enamel surface and there is a strong tendency in all cases for the superficial and deep enamel to be well calcified. Indeed, in group 2 the enamel appeared to be quite normal in texture on clinical examination and the outer enamel seems to be quite normal in histology and radiography with soft X-rays, in spite of the gross hypocalcification within. There appear to be two zones of mature and immature enamel, but these run parallel to the enamel surface and not horizontally across the tooth. It is therefore clear that the faults observed are not caused by failure of maturation as described by Diamond and Weinmann (1940) .
The pattern of the hypocalcified faults described is quite inexplicable on a chronologic basis as, though all the teeth are similarly affected, they develop and calcify at very different ages. No satisfactory explanation can be given at present, but the distribution of the faults in all cases except group 5, strongly suggests that the process of calcification, which is disturbed to produce them, is either a centripetal or centrifugal process, passing between the amelodentinal junction and the enamel surface, from one to the other, or possibly a combination of both. Such possibilities have been suggested by several authors who have investigated calcification in developing teeth. They are even supported by the soft X-rays of Applebaum shown by Diamond and Weinmann (1940) to support their own theory. These show, quite clearly, a well-calcified zone of enamel extending down the amelodentinal junction well in advance of the calcification of the rest of the enamel. They interpret this as an artefact, but recent work by Engfeldt et al. (1954) shows it to be a true picture of calcification. It seems reasonable to deduce from these radiographs that the enamel at the amelodentinal junction is fully calcified, or nearly so, well in advance of the rest of the enamel. Calcification may then spread outwards from Ehe amelodentinal junction towards the surface, starting at the incisal margin and working down to the cervical regions as in the diagram (Fig. 7) .
All the hypocalcified zones in the cases described in this investigation, except those in group 5, could be explained as faults in such a process, though it is difficult to understand why they seem to occur so regularly in the same anatomical sites. It may be that there is, in fact, a priority for calcification of the enamel at the amelodentinal junction and at the enamel surface, while the rest of the enamel suffers a disturbance, much as the teeth may be well calcified while bones are faulty in systemic disturbances, but this does not fit all cases.
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In fact, as there is no evidence of any fault in bones, while calcium and phosphorus metabolism is apparently normal, and as the dentine is probably unaffected, it seems more likely that the fault is local within the tooth germ and is related to the local factors which precipitate calcification rather than to a fault in the supply of the materials. One might perhaps go further and suggest that the fault may be in the preparation of the matrix for the reception of the calcium salts, as in one case from which decalcified sections have been examined the enamel matrix looks very abnormal.
The occurrence of resorption of the enamel in 2 cases from group 3, in teeth before the normal time of eruption and almost before the enamel should have completed calcification, seems to suggest a degeneration of the enamel organ or its successor, allowing mesodermal elements to gain access to the enamel, as suggested by Weinmann, Svoboda and Woods (1945) . Such a process may have occurred to a lesser degree in other cases, without being noticed on clinical radiographs.
The cases in group 5, presuming that all show the same local hypocalcification as that seen histologically and radiographically in one case, are extremely difficult to explain and no suggestion can at present be offered.
Summary.-It seems that the cases described show six different types of fault occurring in amelogenesis imperfecta. No satisfactory explanation of the faults can be given, though the zones of hypocalcification are quite inexplicable as faults in the process of maturation described by Diamond and Weinmann (1940) . The faults, except those in group 5, would be consistent with a process of secondary calcification occurring in a centrifugal or centripetal manner between the dentine and the enamel surface, or as a cQmbination of both. To explain the faults in group 5 it seems probable that another process, as yet undescribed, must be invoked. The faults seem to be of local origin in the tooth germ and are related to a stage in the process of calcification, or the preparation for it, rather than to any systemic factor.
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